Background: Although osteoporosis has been investigated and debated in the diabetic population over the past decades, very little is known about the spontaneous changes in bone mineral density (BMD) and biochemical markers of bone turnover in pre-and postmenopausal type 1 diabetic (T1DM) women over time. Aim: To measure spontaneous changes in BMD and biochemical markers of bone turnover in pre-and postmenopausal T1DM women. Subjects: 53 T1DM women (31 premenopausal and 22 postmenopausal) from the outpatient clinic were enrolled in the study in 1993 and 35 (22 premenopausal, 13 postmenopausal) were reexamined in 1997. Method: BMD was measured at femoral neck (f.n.), spine (L 2 -L 4 ), total body and forearm with DXA or SXA in 53 T1DM women. 4 years later a re-scan was carried out on 35 T1DM. Results: In premenopausal subjects a yearly decrease less than 1% at f.n., spine, forearm and total body was observed, though only statistically significant (s.s.) at f.n., p ≤ 0.05. In postmenopausal subjects a s.s. decrease less than 2% was observed at f.n., forearm and total body, p ≤ 0.05. In general, osteopenic or osteoporotic values were observed at the measured skeletal sites. Only at f.n. a lower s.s. BMD compared to age-matched reference women was seen. Conclusion: Small or non-significant changes in BMD and biochemical markers of bone turnover were observed in pre-and postmenopausal T1DM subjects after a 4-year period.
Introduction
The interest in osteoporosis has been steadily increasing over the past decade. It is considered to be a significant * Corresponding author.
health issue due to high morbidity, mortality and aging populations in developed countries [1] . In the diabetic population, osteoporosis has been investigated and debated since Albright [2] first reported on the topic postmenopausal osteoporosis. Since then, BMD in patients with type 1 diabetes has been reported to be higher [3] [4], similar [5] - [7] or lower [8] compared to control groups, though the majority of the studies report a slight reduction in BMD at one or more skeletal sites where osteoporotic fractures most frequently occur [9] - [11] . The majority of studies focus on premenopausal diabetic women, whilst only a small number of studies focus on postmenopausal diabetic women. The design of these studies is often based upon a cross-sectional approach rather than a longitudinal approach. Very little is therefore known about BMD in postmenopausal type 1 diabetic women or spontaneous changes in BMD and biochemical markers of bone turnover in pre-and postmenopausal type 1 diabetic women.
The aim of this study was to investigate the spontaneous changes in BMD and biochemical markers of bone turnover after a 4-year period, as well as the occurrence of osteopenia/osteoporosis in a group of type 1 and type 2 diabetic women. This was done by a follow-up study in 1997 on a group of pre-and postmenopausal diabetic women, previously studied in 1993 [11] .
Method

Subjects
Female patients with diabetes mellitus were recruited from the outpatient clinic at the Steno Diabetes Center by reviewing patient files. Exclusion criteria were; random glucose > 20 mmol/l, ketonuria, pregnancy, age < 18 years, hysterectomia, nephropathy (albuminuria > 300 mg/day, serum creatinine > 0.15 mmol/l), having a major disease other than diabetes mellitus, surgery or current medication (other than anti-diabetic medication) with known effects on bone metabolism. Of 215 potentially eligible patients contacted by questionnaire and invited to participate, 15 could not be reached, 104 did not wish to participate and 11 were excluded based upon the exclusion criteria. Thus 85 female patients were enrolled in the study in 1993.
The subjects were divided based upon type of diabetes and menopausal status (patients for whom more than 6 months had passed since their last menstruation without other known causes were classified as postmenopausal). Of the 85 subjects 53 had type 1 diabetes (31 were premenopausal and 22 were postmenopausal) and 32 had type 2 diabetes (11 were premenopausal and 21 were postmenopausal). In 1997, the 85 subjects were contacted again, 34 could not be reached or did not wish to participate, and thus 51 subjects attended the follow-up visit. Since 1993, 8 had started hormone replacement therapy and were excluded. In this way 35 type 1 diabetic patients (22 premenopausal and 13 postmenopausal) and 8 type 2 diabetic patients (2 premenopausal and 6 postmenopausal) were enrolled in the follow-up study. Data from type 2 diabetic women is omitted due to a low follow-up and an insufficient sample group, thus only data from type 1 diabetic women are presented. Three premenopausal women with type 1 diabetes reached menopause between 1993 and 1997, these subjects remained in the premenopausal group. Body composition and fat distribution as well as BMD and bone remodeling rates of the study population from visit 1 have been reported previously [11] [12] .
An interview was used to determine anamnestic variables such as concomitant diseases, presence of diabetic complications, use of antidiabetic therapy and use of other medications. The duration of diabetes was calculated with the date of diagnosis serving as the onset. With the subjects wearing light indoor clothes and no shoes, weight was measured to the nearest 0.1 kg and height to the nearest 0.5 cm. HbA 1c values were obtained as the last recorded value in the patient file ( Table 1) . The study was approved by the Copenhagen County Ethical Committee and carried out in accordance with the Helsinki Declaration II.
BMD Measurements
BMD of the lumbar spine (L 2 -L 4 , anteroposterior projection), left femoral neck and total body were measured by dual-energy X-ray absorptiometry (DXA) (QDR 2000 X-ray bone densitometer, Hologic Waltham, MA; fan beam software versions 4.66A:1, 4.56A:1 and 5.54A respectively). BMD in the non-dominant forearm was measured proximal to the site where the distance between radius and ulna is 8 mm by single X-ray absorptiometry (SXA) (DTX-100, Osteometer, Roedovre, Denmark; software version 1.30). BMD measurements were expressed in g/cm 2 . For each BMD measurement at the femoral neck, spine and total body, a t-score was calculated according to the formula t-score = [patient's BMD value (g/cm 2 ) -mean BMD of a reference group of sex- No diabetic complications n = 18 (82%) n = 9 (69%)
One diabetic complication n = 4 (18%) n = 3 (23%)
Two diabetic complications n = 0 n = 1 (8%) ) for the postmenopausal subjects. T-scores for the forearm were derived from software provided by the manufacturer for the postmenopausal subjects. Osteopenia was defined as a t-score of 1 to 2.5 SD below the mean of the reference group. Osteoporosis was defined as a t-score of 2.5 or more below the mean of a reference group. Furthermore a z-score was calculated according to the formula z-score = [patient's BMD value (g/cm 2 ) -mean BMD of a reference group of age and sex-matched healthy individuals (g/cm 2 )]: SD of a reference group (g/cm 2 ) for each BMD measurements at the femoral neck, spine and total body for the postmenopausal subjects. Z-scores for the forearm were derived from software provided by the manufacturer for the postmenopausal subjects.
Biochemical Measurements
As a marker of bone formation, serum osteocalcin was measured by an enzyme-linked immunosorbent assay (ELISA) according to the manufacturer's instructions. The assay measured the N-terminal-mid fragment as well as the intact human osteocalcin in serum [13] . As a marker of bone resorption, the Crosslaps ELISA (Osteometer A/S, Roedovre, Denmark) was used according to the manufacturer's instructions. The Crosslaps ELISA is based on an immobilized synthetic peptide with an amino acid sequence specific for a part of the C-telopeptide of the CαI chain of type I collagen. All determinations were corrected for creatinine excretion [13] . Reference values for biochemical markers of bone absorption and bone resorption were obtained from Ravn et al., who studied BMD and bone remodeling in 979 healthy white women aged 30 -75 years [13] (Table 2) .
Statistical Analyses
A paired t-test (two-tailed) was used to compare BMD at visit 1 and visit 2, p ≤ 0.05 was considered statistically significant. A goodness-of-fit test was carried out to ensure that the distribution was Gaussian. A two-tailed t-test was used to compare the level of biomarkers at visit 1 and 2. The values were logarithmically transformed since the distributions did not approximate Gaussian. An unpaired t-test (assuming unequal variance and unequal observations (Aspin-Welch test)) was used to compare the level of biomarkers to reference values.
Results
Demographic characteristics and diabetes variables of pre-and postmenopausal patients at visit 1 appears in Table 1. Table 2 indicates the BMD measurements at different sites. For all sites it appears that BMD measurements were higher in the premenopausal group than in the postmenopausal group. The calculated yearly change in BMD is given in Figure 1(a) and Figure 1(b) for pre-and postmenopausal patients respectively. In the group of premenopausal patients, a yearly decrease of less than 1 % at the femoral neck, spine, forearm and total body was observed, though only statistically significant at the femoral neck. In the group of postmenopausal patients a statistically significant decrease of less than 2% was observed at the femoral neck, forearm and total body. No statistically significant decrease was observed at the spine. In premenopausal diabetic subjects, both bone resorption and bone formation markers were statistically significantly lower than reference values for premenopausal healthy subjects and no statistically significant change between the two visits was observed, see Table 2 . In postmenopausal diabetic subjects, resorption and formation markers were not statistically significantly different from the reference values for postmenopausal healthy subjects at visit 1, whereas both resorption and formation markers were statistically significantly lower at visit 2 and moreover a statistically significant decrease between visit 1 and visit 2 was observed, see Table 2 .
Postmenopausal patients had in general osteopenic or osteoporotic values at the measured sites. Of the 12 subjects (one subject did not attend visit 2 for the SXA scan) 4 (33%) subjects had osteopenia at one or more sites (femoral neck, spine or forearm), 8 (67%) subjects had osteoporosis at one or more sites (femoral neck, spine or forearm) (4 of these had additional osteopenia at one or two sites) and no one had normal BMD at all three sites in 1997. At the femoral neck a statistically significantly lower BMD compared to age-matched reference women was observed (femoral neck: mean z-score = −1.0 (95% CI: −1.4 to −0.5), spine: mean z-score = −0.6 (95% CI: −0.3 to +1.2) and forearm: mean z-score = −0.04 (95% CI: −0.8 to +0.7)), 7 out of 12 (58%) subjects had a z-score of 1 SD below the mean of the reference group and 1 (8%) subject had a z-score of 2.5 SD below the mean of the reference group. In the postmenopausal group the change in BMD during the study period had only a minor effect on the initial diagnosis given in 1993. 1 subject changed from normal to osteopenic values at the femoral neck and forearm and 2 subjects changed from osteopenic to osteoporotic values either at the femoral neck or at the forearm. The other 9 subjects did not change diagnostic category.
Discussion
An annual decrease in BMD lower than 2% at the femoral neck, forearm and total body was observed in postmenopausal subjects. Thus the study indicates that during the 4 year period no or only small changes in BMD toke place. This is also supported by the fact that biochemical markers of bone resorption and formation were found no different or even lower than for reference women. The comparison with biochemical reference values should be interpreted with caution though as reference values where matched only according to sex and menopausal status, and not according to age. However, it should be noted that these findings are consistent with what others have reported [5] [8] . In premenopausal subjects small or non-significant changes in BMD and biochemical markers of bone turnover were observed. Similar observations was done by Miazgowski et al., who studied changes in BMD and biochemical markers of bone turnover after a 2 year period in 54 male and female type 1 diabetic patients with longstanding diabetes ((mean±SD) female; age: 36.9 ± 8, BMI: 23.4 ± 2.5, duration of diabetes: 16.9 ± 8, male; age: 40.5 ± 9, BMI: 24.5 ± 2.3, duration of diabetes: 16.5 ± 8) [10] . It is also consistent with the result of another longitudinal study of changes in BMD after a 2.5 year period in 15 type 1 diabetic patients with longstanding diabetes [14] . The sample group of that study was very heterogenic though and comprised male and female, black and white as well as pre-and postmenopausal subjects. In the postmenopausal group, 8 out of 12 subjects had osteoporosis at one or more sites (femoral neck, spine or forearm). Compared to age-matched reference women, BMD was only statistically significantly lower at the femoral neck. It should be noted though that the diabetic subjects were compared to reference women of the same age and ethnicity but not of the same height and weight when z-score was calculated. The z-score should therefore be interpreted with caution. It is known that a 1 SD decrease in BMD measured by DXA is associated with an approximately 2-fold increase in the relative risk of fracture [15] . Something suggests, however, that the risk of hip fracture in postmenopausal type 1 diabetic women is even higher. Nicodemus et al. studied a group of postmenopausal type 1 diabetic women (n = 47) aged 61.5 years with long-standing diabetes which showed a 5-33 increased risk of hip fracture [16] . Thus, other risk factors are evident in this population. It appears that changes in BMD solely in postmenopausal type 1 diabetic women have not previously been studied over time. In general the number of studies carried out only with postmenopausal type 1 diabetic subjects is limited and no one has studied the spontaneous changes in BMD and biochemical markers of bone turnover over time. More studies on the topic are therefore desirable.
Conclusion
Over a 4-year period, no or only small changes in BMD and biochemical markers of bone turnover were observed in pre-and postmenopausal type 1 women. This suggests that bone loss is about the same size as normally seen in non-diabetic healthy women.
